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ABSTRACT 


This laboratory work was conducted to design 

a system for stabilizing and controlling the fre- 
quency of a 2k25 klystron. A functional schematic 
diagram of the system is presented in Figure 1. If 
the electrical lengths shown by the dotted and full 
lines of Pigure 1 are made equal, the system will be 
broad-band in frequency. This broad-band feature was 
considered to be the primary feature recozmeniing the 
system. 

Stabilization and control of the oscillator 
over a 350 meps range with fixed mechanical tuning was 
achieved. However, the broad-band nature of the 
stabilization system was not realized in operstion. 

The amplifier output modulates the oscillator 
signal at Crystal A in Pigure 1.. The upper~sideband 
is passed through the cavity and mixed with the 
oscillator signal at Crystal B for detection. The 
lower-sideband must be suppressed to prevent its 
travelling through the waveguide path which does not 
include the cavity, to Crystal B for detection. WO 
wavezuide assemblies were devised to accomplish this 
suppression. heither one was too successful in this 


respecte 
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Develooments of the resultant system of this 

laboratory work that may be profitable are: 

a) Using a reflection type cavity and both 
side-bands as in the Pound-Zaffarano 
method of stabilization. 

b) Use the conversion of cavity phase-shift 
to amplifier frequency-shift in measure- 
ments. 

c) Improve the waveguide assemblies of this 
thesis to suppress the unwanted sideband. 

d) Employ this stsbilization method in an 


". M. system. 
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CHAPTER I 


INTRODUCTION 

A - A Statement of the Problem 

This research was undertaken to determine the 
fexsibility of a surgested system for stabilizing and 
controlling the frequency of a microwave oscillator, 
namely the 2K25 klystron. The system to be studied 
may be represented by the block diagram, Figure I. 

Assume that the electrical lengths, shown by 
the full and dotted lines from the oscillator to crys- 
tal B, are equals; then the phase fronts arriving at 
erystal B via the two different paths will be the same. 
Again, assume that some 30 meps noise in the amplifier 
amplitude-modulates the microwave energy incident upon 
crystel A. If the cavity is tuned to one of the side- 
bands, the sideband will pass through to crystel Lb. 
Here, the carrier and one sidebanc will recombine to 
be detected ani to provide a 50 meps input to the an- 
plifier. The zero phase condition for this closed 
loop requires that if the sideband suffers a phase 
shift in the cavity, then the amplifier must move 
away from its center frequency a sufficient amount 


to compensate the cavity phase shift. 


ed = sa. 
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Discriminator 





Fig pave C L 
Block Diagram of Proposed System 





With the discriminator adjusted to the mid- 
frequency of the amplifier, a discriminator output 
will anpear whenever the amplifier is forced from 
its center frequency as deseribed above. Thus, a 
correction voltage is available and may be applied 
to the reflector of the 2K25 tube. With the klystron 
oscillator locked in with the system, tuning the cav- 
ity will force the oscillator to track. A frequency- 
controlled, stabilized oscillator, then, may be 


realized by this system. 


B - Pertinent Previous Work 

fhe problem of stabilizing the microwave os- 
cillator is of importance in the field of communica- 
tions and in radar applications. R. Dickenson in 
1944 developed a stabilization system for a pulsed 
magnetron. KR. V. Pound, working with C.¥. Oseil- 
lators, subsequently made the most important 
contributions in this field to date, and his 
stabilizetion systems will bo briefly discussed. 

The first system ~ to be déveloped by Pound 
is represented echonetivally in Figure &. The output 
of a microwave discriminator : is amplified in the 


D.C. Amplifier and applied to the reflector of the 
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reflex klystron to correct the oscillator's frequency 
to the cavity frequency. This method may be used with 
the 2K25 or 2K45 klystron and offers single adjustment 
control over a 10% frequency band with the latter 
tute. The two disadvantages of the system are: 

a) High erystal noise level at audio fre- 

quencies which are in the pass band of the 
D.C. f/mplifier. 

b) D.C. Amplifier drift. 

The microwave discriminator referred to above 
operates as follows. The energy into the lower 
Hagic Tee, see Ficure 2, splits between arms 1 and 3. 
The energy into arm 1 splits at the upper Magic Tee 
between arms 1 and 3. Now, the electrical length of 
arm 1 between the Tee junction and the cavity cou- 
pling iris is A 2/8 greater than the length of arm 
5 between the Tee junction and the terminating short. 
The microwave discriminator fapetions as a bridge 
which compsres the reflection from the short circuit 
with that from the resonator. The difference in 
the outputs, after reflection, of arms 2 and 4 of 
the upper Magic Tee is of the form of the conven- 
tional discriminator curve, Fisure 5. 

The second method ’ employed by Pound is 


illustrated by Figure 3 and was developed to avoid 


biwee tb Gecolere’ eee bee 6 funlt YY Soeetteuils 













Mag i 


Jaane num bering of ea arus, 





Cavity 
See Figure it 
Attenuater 
AN 
Poegic T 2K25 
Dee Through Audio 
Am pli fier 
Figure 2. laeenelic Fivst 3. st em 
( [41 ¢ ~cmmion v ec Disc Timi nuater) 
Cavity 
Butler 
Amplifier 
ie 


Oscillator 


Bu Fe Ve 
Amplifier 








Lae 
Am plifier 


“Lock ae 
Mrxev” 


Pi qiliec J Pound's Second Sy stem 


Lin proved By Oy iad Components 





the two chief disadvantages of the first system. 
Crystal A presents a matched termination. The cav- 
ity reflects incident energy to crystal B. Here, 
the r.f. energy is modulated at 50 mcps, and the two 
sidebands developed ad voitietiet: Part of this re- 
flected sideband energy is mixed with the r.f. 
energy enroute directly to crystal A, which demod- 
ulates this amplitude modulated signal. ‘the phase 
angle of the sidebands relative to the r.f. energy 
going directly to crystal A is a function of guide 
lengths from the Magic Tee to the cavity and crystal 
B and of the reflection coefficient of the cavity. 
Let the r.f. line length be set to make this phase 
difference zero for a pure real cavity reflection 
coefficient which exists when the cavity and os- 
cLlllator are at the same frequoncy. Then the chase 
a@ifference will have « sign corresponding to ths 
sign of the quantity, cavity frequency minus oscil- 
lator frequency, when a frequency difference between 
the cavity and oscillator exists. This sign is 
preserved in the “lock-in-mixer" whose output 
corrects the oscillator's frequency to that of the 


cavity. 





FPF, P. Zafferanc . materially improved the 
performance of Pound's second system by interchanging 
the functions of crystals 4 and B. This change inter- 
preted in terms of Figure 5 wuld mean connecting the 
I.". Oscillator to Crystal A of the Pigure and con- 
necting the input to the I.f. Amplifier to Crystal 
Be Then the electrical lengths, attenuator to cav- 
ity to Crystal B and attenustor to Crystal A to 
Crystal B, may be made equal. This change increased 
the frequency range, increased the sensitivity, and 


increased the power capacity of the system. 
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EXPERIMTNTAL PROCEDURE 


First, let us consider analytically the system 


to be developed, as shown in Figure 1. Figures 4 and 


5 represent respectively the phase characteristic 


of e@ parallel resonant circuit and the amplitude re- 


sponse 


ED = 


anp 


AE, = 


36 


of a Foster-Sceley diserimirator,. 


The discriminator output voltage = K, (f f 


amp o) 
where f, = the mid-band frequency of the 


amplifier and discriminator. 


= The instantaneous freauency of the i.f. 


signal through the amplifier. 

Reflector Voltage Change = Ep + ¢€ 

where the voltage change occurs about the 
mode-center voltage and ¢ is an error voltage. 
Klystron frequency Change = ~K, OED 

whieh assumes that Of... is a linear 

function for incremental cnanges In the 


reflector voltage, 


- 2 ~ = ; = . | 
Phase angle interposed by Cavity = o[f. (fos0-famp)| 


where f, = cavity midband frequency and famap 


is + when the cavity is tuned to the upper 


sideband, 
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Phase angle interposed by awplifier = A \fo—famp) 
The sum of these two phase ansles must be equal zero 


so that they may be equated: 


- & Fe anes a) 3 A(f =f) 


Let f, 


° 
a 


= the mode centor frequency which has 
been chosen as the center frequency of opera- 
Sion when 

AE, = 0, l.e., £, is the desired frequency. 


Let f, = f.=f, [(-) when cavity tuned to 
* upper sideband 


i + .- * ‘ 
Now Fuad** > yA f. = Poot, A> Ee 


+ ' 
#- Lose * Perfo 7 Ko { Ka(fomp” ty) +é] 


Solve equations 1. and &. for f,,, amp ° Then equate 


these and solve for Pose? The result is: 


be eee 


Por lewer sidweemd = - 4— « = «= +m & & 
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In each case, f, is the lesired frequency. 
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if »> 1, the frequency error using the upper 


A= C | 
sideband = - rz {A=C) 





ad 
K K.C 
rp oo »» 1, the frequency error using the lower 
A+ C 
sideband = - = (A+C) 
KC 


The mathematics indicate that use of the upper side~ 
band would leed to greater frequency stability. No 
stability observations were made so that this con- 
clusion was not verified in the laboratory work. It 
may also be concluded that K, should be as large as 
practicable. For the upper sideband case, A should 
equal C3; for the lower sideband case, C should be as 
large as possible and A as small as possible. 

It was decided to a»proximete the condition 
that A= C in constructing the amplifier. 30 mceps 
wes selected as the center frequency, and the amplie 
fier was bullt accordin, to the cesign, . Pigure 6. 

To design the first four stages of the ampli- 
fier to make A = 0, the following procedure was 
employed. 

A loaded cavity @ of 7000 was assumed at 9900 
mceps. If the asproximation formala for the phase 


angle of a resonant circuit is used, the @, of each 
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stage of the tumed amplifier may be readily found. 
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Set Af, = Af, which corresponds to A = C 


in Gof, 7090 Vv gO 


C i a a’ 
“© nf, 9060 4 


it 


Ht 


n 4 stages 


With thse €AKS capacities, a load rssistor of 2.9K 
satisfies this condition. The gain per stage will 
then be 14. 

The RCA Sweep Generator was used in lining up 
the six stece amplifisr. The first step in the pro- 
cedure was to line up each stage individually. This 
was accomplished by applying the sweep generator 
input to the grid of one tube; tne plate circuit of 
_ this same tube was then adjusted to 50 meps center 
frequency by observing the output of the following 
tube (used as a buffer stage) on an oscilloscopes. 

Subsequently, the overall amplifier response 
was viewed on the oscilloscope. ‘then the individual 


ages were tuned in sequence three to rour times 


ce 


8 
until as each stage was tuned eithor side of the 


center frequency, the peak of the response curve 
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moved with it. ‘This following motion indicated 
physicslly that the stuge beins tuned was resonating 
atv the center frequency, anc furthermore that the 
other stages were centered on the Gesired frequency 
because the stage being tuned completely controlled, 
within limits, tne center frequency of the entire 
amplifier. 

| the center frequency of the eplifier was ad-= 
justed to 28.8 mcps, because this center frequency 
gave the most symmetricel overall response. I1t was 
noted that this center frequency of the response 
curve varied slightly with gain setting, and tended 
to increase from 28.6 meps ner am gain of 1500 to 28.8 
meps for a gain of 10,000. This observed frequency 
change is opposite to thst which would be expected 
because the input capacitance of the two stages of 
variable gain would be expected to increase with 
gain, thus lowering the resonant frequencies of the 
circuits comprising the above capacitances. 

The amplitude response of the amplifier was 

measured using the signal generator GhSOS-A5]1 and 
the Hewlett Packard Voltmeter 410-A. This is plotted 
in Figure 7, together with a computed phase character=- 
istic for the first four stages which supply the 


modulating crystal. 
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A cathede driven discriminator was constructed, 
gee Figure 8. The response of the discriminator to 
al volt input is plotted versus frequency in Figure 
9. Because of lack of time, the coupling between the 
primary and secondary of the discriminator was not 
adjusted to optimize the amplifier and discriminator 
bandwidth relationship for steepest slope, i.e. 
greatest &,. However, the dtowrtintaster response, 
Figure 9, is that of the second discriminator con- 
structed. The bandwidth of the first discriminator 
was too narrow because the coupling between the pri- 
mary and secondary was too small. With greater 
coupling, the discriminator bandwidth for linear 
response was © megacycles. This compares well with 
the amplifier which is 2 megacycles betwoen 6 ab 
points. 

Before considering the design of the X-band 
wave guide assembly, it would be well to point out 
the most aifficult aspect, the suppression of the 
sideband which is not transmitted by the cavity. 

This unwanted sideband is a spurious signal; the 
writer could not reduce it mors than 8db below tne 
level of the desired sideband at the detector crystal 


in the wave guide a:semblies tested. 
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A second point to stress is that an important 
‘aim of this work was to achieve a broad-band system. 
(The system is inherently broad-band if the two 
electrical lengths show in Figure 1 sare equal.) 
Therefore, the use of matching sections was avoided. 
The wave guide components used are listed below 
in Table I with their identifying numbers. The mea- 
sured ©.W.R. of each when terminated in a matched load 


is included, 
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To understand the drawings of wave guide 
assemblies, it must be remembered that the designate 
ing letters of Table I are used to identify wave 
gmuide components. 

Pigure 9-A represents the original wave guide 
assembly tested. The electrical length to Crystal B 
shown by the full line was carefully measured in the 
following manner. Crystal A with holder and the cave 
ity were replaced by matched loads. Crystal B and 
holder were replaced by a SWR probe assembly termi- 
nated in a snort. At a known oscillator frequency, 
ms the location of a particular minimum was mea- 
sured and recorded. Then the probe was shifted to 
the next minimum nearer the vources3 as the oscillator 
frequency was decreased, this minimum was trecked 
until it reached the original recorded position. The 
new frequency, fg, was measured. The following equa- 
tions holds 


Klectrical length = ndAg,, at £, 
Electrical length = (n - L) Age at fs, 


SOlution may be made for n since Ais aud A Ze 
may be computed. The electrical le:gth is then 


known and equaled 39.43 cm. versus 40.9 cm. measured 


physically per daffarano's © metnod. 
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A similar technique a plied to the dashed path 
of Figure 9-A would be very difficult because: 

a) A stabilized source would be needed because 

of the high @ cavity. 
b) Crystal A would have to reflect considerable 
unmodulated energy. 

For these reasons, it was decided to ayoid this meae 
surement at this particular point because it would be 
too costly in time. Rather, a phase shifter, D, was 
inserted between the Magic Tee and H-l. This addi- 
tion would permit closing the loop between Crystals 
A and B with the amplifier immediately; and if this 
step was succersful, the by-passed measurement could 
then be made. 

It should be emphasized that to broadband the 
system the two paths of Figure 9-A must be equal. 
But this equality must be interpreted having in mind 
the fact that a major portion of the dashed path of 
Figure 9-A will be at a frequency 30 meps greater 
than the osclilator frequency, since the upper side- 
band is to be used. 

Using six place log tables, the following was 


computed. 





TABLE IT 


Phase Difference For A 





4 ff Length of 25 cm | 
8500 meeps 5.568223 om 1621° Difference 
8530 mens 5.5043 om 1665° 14° 
9000 meps 4.8701 om 1548° 
9030 nmcps 4.8359 cm 1861.°1 18.°1 
9500 meps 4.3669 em 2061° 
9530 meps 4.3407 em 2073 .°4 12.°% 


Tne above tabulation covering the jJesigned band of 
the &K25 klystron points out that a miterial dif- 
ference exists but that this difference is practi-~ 
cally constant. Therefore, if the difference is 
accounted for in equating tht two paths at any 
frequency, the equality will held over the klystron 
tuning range. 

When the loop was completed, a normal discrim- 
instor output curve was observed for very low ampli- 
flier gain settings. The observations were made by 
tuning the cavity and reading a voltmeter across the 
discriminator output terminals with the klystron 


frequency fixed. As the amplifier cain was raised 
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above 1500, an erratic voltage output from the dis- 
ecriminetor existed indiscriminate of the cavity tuning. 

The suspected cause of this performance was 
that a sideband, probably the lower though possibly 
both, was being reflected by the cavity and was tra- 
versing the path shown by the full iine in Figure 9-A 
from the Magic Tee to Crystal B. 

The transmission cavity im use, Nodel 1S09T?TX- 
e6Ga, was a matched cavity in one direction. (/s used 
in the waveguide azsembly, Pigure 9-A, the large en- 
trance iris was connected to arm 4 of the Magic Tee. 
Although this covity had a tuning range of only 200 
meps from 9000 to 9200 meps, it was the only matched 
model availatle to the writer and consequently re- 
stricted the frequency range in all tests. It was 
felt that cavity cost precluded any experimental work 
in broadbanding Model 152 7TFX-18GA which covers the 
complete 2K25 frequency range.) Using a Pound sta- 
bilized oscillator and Spectrum Analyzer, the °.W.R. 
of the cavity Model L509TFX-26GA was measured at 9000 
meps and equalled 2.43. Similarly, the &.%*.R. of the 
broad-band, unmatched cavity, Modjel 1L527TFX-1&8GA, 
was 4.5. ven the matched cavity reflects some 20% 


of the incident power at resonance which ® ould be the 
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desired upper sideband in operation, a loss of 1 db 

in transmission. However, the reflected sional is 

only 6 db down from the transmitted signal and will 

cause & spurious signsl to anvear if able to reach 
the detector erystal without being attenuated. 

The first wave guide assembly successfully 
used is illustrated in Figure 10. The twe Magic Tees 
were used to suppress the unwanted sideband. However, 
consider arm 4 of the input Magic Tee, Figure ll, 
terminated in the cavity (not at r.f. frequency) and 
arm 2 in a matched load. If r.f. energy is fec in 
arm 3 to a matched losd in arm 1, the attenuation is 
only 8db as measured by a spectrum analyzer. Again, 
if both arms 4 and 2 are matched, the atterueticon in 
the previous case increases to only cOdb. Both obe- 
servations were made at 90CO mens. 

The two attenuators were included in the veva 
guide assembly to assist in suppressing the unwanted 
Signel. But these represent a compromise, sat best, 
because Cee attenuates the desired sideband and 0-1 
attenuates the carrier. Best results were obtained 
wnen G-2 was set on zero. for this case, consider 
the attenuation of the desired sideband versus the 


undesired sideband between crystals H-l and He@. 
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Figure i] Magic Tee Schematic 
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Desired Sidebdsnd Undesire@a Sideband 
Split in Magic T-l1 dSdb Measured attenuation 8db 
in Wagie T 
Cavity Attenuation 72b Attenuation in Cel A 


Dus to reflection 
8s well as covity 
loss in trans-~ 
miscsione 
oplit in @agic T-2 o Split in Magic T#2 o 


13db ll + Adb 


It is apparent that 1Odd of attenuation must be 
inserted in C-l to bring the undesiredsideband 8db 
below the desired. This is the optimum figure arrived 
at by experimental observation. 

the reflector of the 2Kk2d5 klystron was swept by 
ea 60 cycle voltage, and the output of the discriminator 
was observed on a cathode ray oscilloscope, see Figure 
12. This output, though of varying amplitude with 
frequency, was observed over a cavity tuning range of 
70 meps, which was 35 meps each side of the center of 
the mode, in which range sufficient oscillator power 
was available. If the gain setting of the 30 meps 
amplifier was increased, spurious signals began to 
appear on the oscilloscope screen. 

This above oscillator power limitation over 


the mode was checked by mechanically tuning the 
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klystron about ea fixed cavity frequency. The @is-~ 
criminztor curve appeared, maximized, and disenvesred 
on the screen over & 70 meps rane. 

The oscillator was stabilized with the equip- 
ment uncer Giscussion and foreed to track over a 
range of SC mcps with fixed klystron tuning, The 
poewking,/treqnens was observed cn @ spectrum analyzer. 

The second wave guide assembly to be used en- 
ployed two Magic Tees and a directional coupler, 
Pigure 12. Three different directicnel ceuplers with 
couplings of 10, 20, ard 30 db were tested in the cir- 
cuit. The greatest bandwidth was obteined using the 
20do coupler; the discriminstor output curve was 
visible on the oscilloscope screen over 100 mcps cev- 
ity tuning range, an improvement of 23%. 

Lack of time prevented a complete study of 
this second system from being meade. In neither the 
first nor second system was an attempt made to equal- 
ize the electrical lengths cf the two paths. The 
basic reason for avoiding this problem wae to devote 
more time to design, construction and study of wave 


guide assemblies which would suppress the undesired 
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CHAPTER III 
CONCLUSIONS 


A suitable wave guide configuration that would 
be able to take full advantage of this stabilization 
system was not achieved. Probably, the basic reason 
for this failure is that the wave guide assemblies 
used were too elaborate, since each element presented 
some mismatch which would make suppression of the 
undesired sideband more difficult. The wise direc- 
tion for future efforts with this stabilization sys- 
tem would be to simplify the wave guide assembly. 

It is belleved that this system is by nature 
&8 frequency stable as the Pound system with modi- 
fications by zgaffarano. Though a moot point, the 
slope of the discriminator curve which is a measure 
of the stabllity of the system is a funetion of loop 
gain. Certainly, there is no physical reason appar- 
ent te the writer that would restrict this system's 
discriminator slope to less than that of the Pound 
systeme 

Before concluding this oblique comparison of 
the two systems, it would be well to point out that 
the reflecvion cavity used in the Pound system will 


normally have a higher loaded @ than the transmission 
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cavity used in the system under discussion. This 


point favors the Pound system in a measure. 
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Suggestions for Future “ork 

If the wave guide configuration of Figure 14 
is employed, this Q differential no longer holds. 
This assembly was tested by the writer and was found 
to operate satisfactorily. No attempt was made to 
equalize the two electrical lengths shown by dotted 
and full lines; if they were equalized, the perform- 
ance of the system should match that of the Pound 
system in stability andi bande-width. The chief dif- 
ference between the Pound anc this stabilizing 
scheme is that a FostereSeeley discriminator is sub- 
stituted for the I.f. Oscillator and "lock=in=mixer" 
Whether this substitution would be to advantage would 
be the subject of investigation. 

&A second suggestion for further work develops 
from the cheracteristic of the ire which converts 
a cavity phase shift at 9000 meps to a frequency 
differential at 30 meps. If the phase-shift cheracter-~ 
istic with frequency of the 30 meos amplifier were 
accurately known (measuring apparatus is available 
at M.I.t.) then by measuring the frequeney of the am- 


plifier (at fixed oscillator and cavity frequencies 
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which are not necessarily the same) the phase shift 
caused by the cavity would be known because it equals 
in magnitude the amplifier phase shift. This conver- 
sion of phase change to frequency change, then, offoere 
an interesting study in the field of measurements. 

A third suggestion for further work is that, 
when a better wave guide assembly is perfected, the 
method be embraced in a frequency modulation system. 
In line with this suggestion, 2 second method of 
suppressing the cavity reflections upon arrival at 
the detector crystal will be briefly examined. That 
is to have the reflections arrive 180° out of phase 
for completing the amplifier-loop zero-phase re- 
cuilrements. 

To broad-band this method of suppression, one 
solution is to have the carrier signal and the un- 
desired sideband travel the same path. If this path 
length between the two crystals was sufficiently 
long, the differences shown in Table II would become 
sufficiently large. And so would the path length 
--- 127 inches long for 180° phase difference. 

A reasonably broad-band could be arrived at 
by adjusting the lengths between the input Magic Tee 
junction of Figure 10 and the crystal in arm 1 and 


the cavity in arm 4 so thet a 190° phase shift is 
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introduced between the carrier going directly into 
arm 3 and the sidebands going into arm 3 after re-«- 


flection 





from the cavity. The overall path differ- 
enee for the two sisnals could be An fe: this small 
difference would not be too frequency sensitive ever 
a 300 meps band. 

A second broad-band solution employing this 
method is also possible. The 180° phase shift may 
be introduced by an F plane Tee junction, as formed 
by arms 1, 2, and 6 of the Magic Tee, FPirure ll. 

And since the lower sideband will require a longer 
path length than the carrier which traverses its 
normal path, Figure 10, this difference may be made 
up in the crystal and cavity spacings from the Tee 
junction » 

fi fourth suggestion for future work is to 
develop mathematically the relationship that should 
exist between the bandwidths of an amplifier and its 
discriminator to achieve the greatest slope in the 


discriminator output. 
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